Geophysical Evaluation for Wadi Rayan Field, Western Desert, Egypt  by Othman, Adel et al.
Egyptian Journal of Petroleum (2016) 25, 125–132HO ST E D  BY
Egyptian Petroleum Research Institute
Egyptian Journal of Petroleum
www.elsevier.com/locate/egyjp
www.sciencedirect.comFULL LENGTH ARTICLEGeophysical Evaluation for Wadi Rayan Field,
Western Desert, Egypt* Corresponding author.
E-mail address: AALi_13@hotmail.com (A.S. Ali).
Peer review under responsibility of Egyptian Petroleum Research
Institute.
http://dx.doi.org/10.1016/j.ejpe.2015.03.004
1110-0621  2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Adel Othman a, Mohamed Fathy a, Ahmed Saied Ali b,*aAl-Azhar University, Nasr City, Cairo, Egypt
bQarun Petroleum Company, New Maadi, Cairo, EgyptReceived 21 February 2015; revised 19 March 2015; accepted 26 March 2015
Available online 30 December 2015KEYWORDS
Egypt;
Wadi Rayan;
ARG-5;
Folds;
Western DesertAbstract Wadi Rayan Field is located approximately 115 km from Southwest Cairo. The study
area is a platform lying between Abu Gharadig and Beni suef basins.
It was discovered in September, 1996 through drilling well WR-1x which has been drilled to a
total depth of 7740 ft. in basement.
Abu Rawash G member is Cenomanian in age and the only producing horizon in this area; it’s
composed of shale and sandstones intercalations with minor carbonate interbeds.
The main producing interval in this member is ARG-5 which consists of sandstone, silt and shale.
The thickness is varying along whole study area. It ranges from 1 to 100 ft.
There are two intervals of producing sandstone which not only vary from one well to another but
also not deposited in some wells. For these reasons, it is important to integrate all available geolog-
ical and geophysical data to come up with a model for ARG reservoir.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
1.1. Stratigraphy
The sedimentary sequence of the Wadi El-Rayan Field ranges
in age from Lower Cretaceous to Middle Eocene (Figs. 1 and
2). The sedimentary section in the Wadi El-Rayan province is
characterized by the absence of the Paleozoic and Jurassic
rocks as a result of non-deposition on the Wadi El-Rayanplatform. A thin Lower Cretaceous section was deposited
directly over the Precambrian basement rocks [1].
1.2. Structure
The Western Desert of Egypt consists of a series of small rift
basins. Some of them dated back to the Permian, but the
majority can be considered to have initiated during the Late
Jurassic-Early Cretaceous, contemporaneously with the
creation of the Mediterranean basins [3].
Despite a relatively complex history, the geological frame-
work of Egypt is highly suited for oil and gas exploration. It
comprises eight major tectono-stratigraphic events:
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Figure 1 Index map showing the locations of the Wadi Rayan
Field lying between Abu Gharadig basin and Gindi basin, Western
Desert, Egypt.
126 A. Othman et al.1. Paleozoic craton,
2. Jurassic rifting,
3. Cretaceous passive margin,
4. Cretaceous Syrian arc deformation and foreland
transgressions,
5. Oligo-Miocene Gulf of Suez rifting,
6. Miocene Red Sea breakup,
7. The Messinian salinity crisis and
8. Plio-Pleistocene delta progradation.
Each of these events has created multiple reservoir and seal
combinations. Source rocks occur from the Paleozoic through
to the Pliocene and petroleum is produced from Precambrian
through Pleistocene age reservoirs [4].
Seismic and borehole data indicate that the Jurassic and
Cretaceous (mainly Lower Cretaceous) rocks were deposited
in rift basins in the Northern Western Desert. These basins
had the form of half-grabens, each bounded by a major fault
on its downdip side. Away from this fault, the dip angle of
the rocks within the basin decreases and at the extreme updip
edge of the basin they have a very gentle dip and are usually
referred to as platforms by several investigators, e.g. Sitra
and Wadi El Rayan platforms [5].
The area under consideration is located within the northern
Egypt fold belt that is part of the Syrian Arc System that
extends from Palmera Mountains in Syria to the central Wes-
tern Desert of Egypt, passing through Northern Sinai [6].
After the deposition of the Cenomanian–Turonian; and
Lower Senonian rocks; folding and reverse faulting affected
the Abu Roash Formation and older rocks as well as the lowerpart of the Khoman Formation. The structures of study area
include both folds and faults. Folds in Wadi EL-Rayan plat-
form are symmetric and have gentle dipping flanks and have
NE-SW orientation [1].
Most folds owe their origin to compressional movements
which affected the area during the Late Cretaceous-Early
Tertiary tectonic event. These folds have a northeast–
southwest trend and a particular geometry.
In addition, there are other folds which owe their origin to
normal or horizontally displaced fault blocks. Their axes are
parallel, oblique or perpendicular to the fault block trend
depending on the magnitude of the strike slip component of
the movement [7].
The faults of the study area have three main orientations.
They are oriented ENE–WSW, NE–SW and NW–SE. The
oriented faults are predominantly normal and were active at
least two times. These faults were active in the Early and Late
Cretaceous time [1].
In Wadi Rayan Field, the Turonian A/R F member is the
most prolific source rock in the stratigraphic succession that
contains enormous amounts of oil-prone organic matter
(Type-I and Type-II kerogens).
2. Methodology
The methodology used to model ARG reservoir includes:
Well-log editing and pseudo-log generation, tying a
synthetic model to surface seismic data.
2.1. Well-log editing and pseudolog generation
Constructing missing or poor-quality well logs, especially
compressional and shear sonic and density logs, which is a
big challenge in making a synthetic for well-to-seismic tie.
Castagna’s equation [8] was used to create a Shear-wave by
applying a linear transform to P-wave log as an input. See
Fig. 3
S-wave ðft=sÞ ¼ 0:86190  P-wave ðft=sÞ
þ ð3845:14439Þ ð1Þ
And to create P-wave, Gardner’s equation [9] was used as
an input. Fig. 4.
q ¼ aVb ð2Þ
where a= 0.23, b= 0.25.
2.2. Well-to-seismic tie
Logs from the WR-1 and WR-4 wells and 3D seismic lines
were used for the synthetic-to-surface seismic tie. A wavelet
extracted from the surface data around the target reservoirs
and the edited well logs was used to generate the zero-offset
synthetic seismogram necessary to tie surface seismic data at
the well locations.
The synthetic-to-surface seismic ties at the WR-1 and WR-2
wells are shown in Figs. 5 and 6. The tie is very good and
suggested that the ARG and the ARG-5 tops should be picked
at about 1105 ms and 1108 ms two-way time in the WR-1 well
consequently, and at about 1064 ms and 1081 ms in the WR-4
well.
Figure 2 Stratigraphic succession of Wadi Rayan area [2].
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Figure 3 In track 4 the S-wave log is created by Castagna
equation for WR-1 well.
Figure 4 Showing synthetic P-wave log – in track 2- which is
generated from Density log by Gardner equation.
WR-1 
total correlation 77% 
Figure 5 Synthetic seismogram for WR-1 well shows that the
total correlation to seismic is 77%; where the synthetic is in red
and the seismic is in black color.
WR-2 
total correlation 72.5% 
Figure 6 WR-2 well shows that the total correlation to seismic is
72.5%; where the red is the synthetic and the black color is the
seismic.
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Figure 8 Inline 10,038 which is directed E-W, passing through
lead ‘‘P1” showing the possible location for P1 which lie between
two reverse faults in the down thrown side.
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3.1. Building structural model
Structural model had been built then, structure contour maps
were generated to show the structural trends and hydrocarbon
traps.
In Fig. 7, structure contour map for ARG-5 showing the
major fault trends which affected the study area is given. We
can note the ENE–WSW trend and NE–SW and NW–SE nor-
mal and reverse faults which reflect both tension and compres-
sional forces affected the study area.
ARG map shows ENE–WSW according to the deforma-
tion caused by rifting in Late Jurassic which continued to
Early Cretaceous. Also, there is a nearly N-S trend which is
caused by the reverse faulting deformation started at Late
Early Senonian. The beginning of this phase of deformation
at the Early Late Senonian. During this phase, folding and
reverse faulting affected the Abu Roash Formation and older
rocks as well as the lower part of the Khoman Formation [1].
ARG map shows three trends: ENE–WSW, N–S and a new
trend NW–SE which is of normal faults. NE–SW oriented
faults arc represented by steep southeast dipping reverse faults
bounding the southern flanks of the folds.
Fig. 8 shows inline 10038 which passes through lead P1
which bounded by two reverse faults. In Fig. 9, Xline 210
shows lead P2 which lies in down thrown side of a reverse
fault.
ARG-5 zone is varying in thickness all over the area so, in
order to explain the variation of thickness, an isopach map hadFigure 7 Top ARG-5 structure contour map resulting from building
of the area of study which resulted after modeling the area structurally
main producing well.been constructed to highlight the thickening and thinning
areas.structural model shows the location of a new lead in southern part
; ‘P’ refers to the possible location which has the same depth of the
Figure 11 Geo-Seismic cross section for inline 160. The variation
of ARG-5 zone thickness appears clearly.Figure 9 Xline 210 passing through P2 which lies in the down
thrown side of a reverse fault and up thrown side of normal fault.
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thickness map is very important to understand the distribution
of the reservoir. In order to make the picture more clear, a
structural model has been constructed in order to model all
area and to determine the distribution of the ARG-5 zone
and how thickness vary all over the whole area, where the
thickest area and thinnest one and is it related to structural
or stratigraphic play or combination.
Fig. 10 shows the distribution of ARG5 zone through iso-
pach map where; the thickness decreases at the center of the
study area while increases at other locations.
In order to show this a Geo-Seismic cross section oriented
in North–South direction is shown in Fig. 11.Figure 10 Isopach map showing the distribution of the gross
thickness of the ARG-5 zone; where the map shows the thickness
decreases in the middle of study area. WR-4 is the least thin well.3.2. Attribute maps
Not only structural interpretation method can help in this
study, but also Attributes may help in identifying facies and
relating changes in facies to seismic data.
There are many attributes which are used to help in inter-
preting seismic data both structurally and stratigraphically.
Coherence, instantaneous phase and amplitude were used
in interpretation to enhance output interpretation.
3.2.1. Coherency
Coherence attribute can enhance showing the fault trends and
its lateral extension.
‘‘3-D seismic data are generally binned into a regular grid.
By calculating localized waveform similarity in both in-lineFigure 12 Showing Coherency attribute at depth 5370 ft.; where
it appears clearly that coherency is a good attribute in our case to
indicate fault trends and its lateral extension.
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coherence are obtained.”
Small regions of seismic traces cut by a fault surface gener-
ally have a different seismic character than the corresponding
regions of neighboring traces [10]. In Fig. 12, the faults
obtained from Coherency coincide with the interpreted faults
from the original seismic data so, it represents a good tool that
helps in structure interpretation.Figure 13 Amplitude attribute within ARG-5 zone at depth 5405 ft. s
wells. Whereas dry wells lie in low amplitude areas e.g. WR-2, 3, W01,
structural traps, corresponding to high amplitude area.
Figure 14 Instantaneous phase at depth 5400 ft. p3.2.2. Amplitude
In Fig. 13, the depth slice in amplitude attributes gives an indi-
cation for the amplitude where the area that contains the pro-
duced wells differ from the area where dry wells lie.
Using structural map with this amplitude map can help
in expecting the presence of hydrocarbon before drilling
hence will reduce the risk, cost and help predict the well
locations.howing produced wells lie in high amplitude area e.g. WR-1, 4, 5, 6
S01 wells. Also, new locations P1 & P2 which proposed based on
roducing wells are inside the dashed yellow line.
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The attribute is calculated on a sample by sample basis without
regard of the waveform. It’s a phase of a seismic trace at a
selected sample, in degree or radius. This is used to highlight
the continuity of weak intra-reservoir reflections, Fig. 14.
4. Conclusion
Conventional interpretation is good and helps in identifying
structural traps but, in some cases the integration for both
structural and stratigraphic methods is required to enhance
the interpretation.
Seismic attributes can help in that work and can add more.
By using attributes we could relate the results to the actual
data of drilled wells which not only can be used in the study area
when choosing a new well but also can be used in another field.
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